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Rural-Urban Residence and Mortality among Three 
Cohorts of U.S. Adults
Erika Ziller, PhD  •  Jennifer Lenardson, MHS  •  Katherine Ahrens, PhD
INTRODUCTION 
Though U.S. life expectancy has increased over the past 50 years, this 
benefit has not been geographically uniform and certain rural persons and 
communities face a mortality gap.1,2 Rural residents experience a shorter life 
expectancy than urban residents,³ with higher mortality rates from specific 
causes such as chronic obstructive pulmonary diseases,⁴ coronary heart 
disease,⁵ and lung cancer.⁶ Overall, there are higher mortality rates among 
rural residents for all five leading causes of death – heart disease, stroke, 
cancer, unintentional injury, and chronic lower respiratory disease – as 
compared to urban residents.⁷ In addition, residents of poor rural areas had 
a mortality rate in 2005-2009 that was 42% higher than their affluent urban 
counterparts, and this disparity has increased over time.⁸ 
Prior studies suggest that individual and family socioeconomic characteristics 
are partially responsible for elevated rural mortality.⁹ For example, rural 
residents have lower incomes, lower educational attainment, and higher rates 
of being uninsured compared with urban residents;¹⁰ these characteristics 
have also been associated with higher mortality rates. A 2011 analysis of 
deaths in the U.S. in 2000 estimated that poverty and low education increased 
the risk of death by 75% and 80%, respectively, among adults aged 25-64.11 
The rural-urban mortality difference is even larger for certain demographic 
groups. Poor blacks living in rural areas had two to three times the mortality 
risk as more affluent blacks and whites living in urban areas.⁸
Lack of access to health care may also explain the rural-urban mortality gap. 
Compared to urban places, rural communities have lower availability of 
primary care, particularly of specialty care, posing challenges to obtaining 
needed services for some rural residents. For example, rural residents 
are diagnosed with cancer at later stages of disease than those living in 
urban areas, which may be due to their more limited access to preventive 
care services.12 Diagnosis of cancer at a later stage would account for why 
residents of rural areas have lower cancer incidence rates but higher death 
rates than residents of urban areas.13 In addition, rural trauma deaths often 
occur outside the hospital setting, in contrast to urban areas.14 Further, among 
adults admitted to hospitals for a heart attack, rural residence is associated 
with higher rates of death, which may be due to differences in patient risk 
characteristics, such as higher comorbidity among rural residents, or to health 
care delivery challenges in rural areas.15,16 
This study aims to address gaps in our understanding of the rural-urban 
mortality disparity by conducting a time-to-event cohort analysis using a 
national dataset with detailed information on individual characteristics. 
Most studies to date have not included multivariable analyses of rural-urban 
mortality risk differences after controlling for various sociodemographic 
characteristics that may differ between rural and urban residents. Also, 
while multiple studies have found that rural-urban gaps in mortality have 
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Key Findings
•  Using pooled data (1997-2011) 
from adult respondents of a 
nationally representative survey in 
the U.S., we found the unadjusted 
hazard of death (risk of death at any 
point in time) was 10 percent higher 
for rural as compared with urban 
residents. 
•  When rural-urban differences in 
respondent age, sociodemographic, 
and economic factors were 
accounted for, the hazard of death 
was not significantly different 
between the two groups.
•  Findings differed somewhat by 
birth cohort. In particular, for the 
youngest birth cohort examined (birth 
years 1965-1986), the rural-urban 
difference in hazard of death was 
higher than for older birth cohorts, 
and remained significantly higher 
after controlling for respondent 
characteristics.
•  In the youngest birth cohort, 
accidents/unintentional injuries 
accounted for approximately one 
third of deaths among rural adults 
and one quarter of deaths among 
urban residents.
•  Further analysis is needed to better 
understand what investments are 
critical to ensuring that life in a rural 
place does not correspond to greater 
risk of death.
For more information about this study, 
contact Erika Ziller, PhD erika.ziller@
maine.edu
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increased over time,17 it is unclear whether this disparity 
is experienced equally across birth cohorts, or whether 
certain generations experience particularly elevated rural 
death rates. The findings from our study may help to 
identify potential policy and practice interventions that 
may reduce the rural-urban mortality gap and lead to 
longer, healthier lives for rural populations. 
METHODS
Data
This study used data from the 1997-2009 National 
Health Interview Survey (NHIS) linked to deaths 
through December 2011, which reflected the most recent 
data available at the time we requested the data files 
(September, 2017). The NHIS, conducted by the National 
Center for Health Statistics, Centers for Disease Control 
and Prevention, is a cross-sectional household survey 
designed to monitor the health of the U.S. civilian, 
noninstitutionalized population on a broad range of 
health topics including trends in illness and disability, 
health status, and health related behaviors. In-person 
interviews are conducted in the respondent’s home, 
and self-reported sociodemographic and economic 
information are also collected. The National Center for 
Health Statistics conducts mortality follow-up for NHIS 
respondents by matching respondent information to the 
U.S.National Death Index using a 14-point identification 
system.18 We accessed the linked mortality NHIS data 
using a harmonized dataset compiled across multiple 
years of data.19 
To assess rural-urban residence for NHIS respondents, 
we linked county of residence to county-level information 
provided in the Area Health Resources File (AHRF). 
The AHRF is a national source of county-level health 
data collected by the federal Health Resources and 
Services Administration that contains geographic 
identifiers, including the 2003 Rural-Urban Continuum 
Codes (RUCC). Developed by the U.S. Department 
of Agriculture, the RUCC classifies all U.S. counties 
into nine categories of increasing rurality according to 
population size and proximity to metropolitan areas.20 
RUCC codes 1-3 were classified as urban counties and 
codes 4-9 as rural counties. Although a 2013 version of 
RUCC codes are also available from the AHRF data, we 
used the 2003 version of the RUCC codes to better align 
with the NHIS survey year data.
As county of residence is a restricted use variable in the 
NHIS, we conducted this linkage using remote access to a 
secured lab in the NCHS Research Data Center. The study 
protocol was approved by the University of Southern 
Maine’s Institutional Review Board and we adhered to 
the data suppression criterion included in our data use 
agreement with NCHS.
Variables
Mortality: Using death certificate data through December 
31, 2011, we flagged respondents as decedents if they 
had a death record linked to their NHIS survey data, or 
as survivors otherwise.  Respondents without a death 
record by the end of 2011 then were classified as right 
censored in our study, a concept in time-to-event analysis 
indicating that the study ended before an event—in this 
case, death—occurred. Follow-up time was defined as 
either age at death (for decedents) or age as of December 
31, 2011 (for survivors).21 Given data restrictions for 
protecting respondents’ confidentiality, we did not have 
date of birth for respondents. Therefore, we subtracted 
age at time of interview from year at time of interview to 
approximate birth year. 
Respondent characteristics: In addition to rural-urban 
residence, we included several other respondent 
characteristics in our analysis, which were assessed 
at the time of the interview. They were age, sex, race/
ethnicity, educational attainment, residential region 
of the U.S. (Northeast, Midwest, South, West), marital 
status, poverty status (above or below the federal poverty 
threshold), and current cigarette status (never smoked, 
former smoker, or current smoker). 
Respondent birth cohort: We additionally included 
respondent birth cohort as a characteristic in our analysis. 
National mortality data show rural-urban mortalities 
increased starting in the mid-1980s, suggesting a cohort 
effect.17 We categorized approximate birth year into three 
birth cohorts that roughly corresponded with the Silent 
Generation (1912-1945), the Baby Boomers (1946-1964), 
and Generation X (1965-1986).22
Analysis
Our analytic cohort included respondents aged 18 or 
older, as these individuals were eligible for the adult 
version of the interview. Our descriptive analyses 
included estimating the distribution of respondent 
characteristics by rural-urban status, overall and by birth 
cohort, with general Chi-square tests to assess whether 
differences were statistically significant.  
We conducted a time-to-event analysis because follow-
up time was inconsistent across respondents and the 
outcome of mortality was only observed for some 
participants, with the rest being right censored (as 
described above). In these cases, methods such as 
logistic regression are inappropriate because they do 
not account for the fact that the risk of death at a point 
in time is affected by having survived to that point and 
follow-up time is variable. We first plotted Kaplan-Meier 
curves of the cumulative incidence of all-cause mortality 
for rural and urban respondents, separately. We then 
used Cox proportional hazard models to estimate the 
hazard ratios (HR) and 95% confidence intervals (CI) 
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for all-cause mortality by rural-urban status, overall 
and by birth cohort. We ran unadjusted models, and 
adjusted models after including the following covariates: 
sex, race/ethnicity, region, educational attainment, 
marital status, poverty status, smoking status, and age 
at time of interview.  As poverty status was missing 
for approximately 20% of respondents, we reran our 
unadjusted models on the analytic subpopulation that 
was included in the adjusted models to estimate the effect 
of excluding respondents with missing poverty status 
information. 
Among the deaths, we then examined the distribution of 
the underlying leading causes of death by rural-urban 
residence, overall and by birth cohort. This 10-level 
variable is calculated using the underlying cause of death 
recorded on the death certificate and is the only cause 
of death variable available in the restricted-use linked 
mortality files. This variable includes nine mutually-
exclusive category-levels (heart disease, cancer, chronic 
lower respiratory disease, accidents [unintentional 
injuries], cerebrovascular diseases [stroke], Alzheimer’s 
disease, influenza and pneumonia, kidney disease), with 
the remaining deaths categorized as single category-level 
(all other causes).  Although suicide is the currently the 
tenth leading cause of death in the US, these deaths were 
grouped under “all other causes” because of privacy 
concerns and very small numbers. We used general Chi-
square tests to assess if differences in the distribution of 
category-levels were statistically significant.
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In accordance with NHIS analytic guidelines, we 
adjusted the sampling weights to account for pooling 
across survey years 1997-2011.  In doing so, our analytic 
cohort represents the mid-point of the survey years, i.e. 
approximately 2004. We used these adjusted sampling 
weights and accounted for the complex survey design 
of NHIS using SAS and SAS-callable SUDAAN survey 
procedures.
FINDINGS
Approximately 18.8% (standard error [0.42]; n=67,032) 
of 366,375 adult respondents to NHIS during 1997-
2009 were living in a rural county at the time of the 
interview. Overall, rural respondents differed from 
urban respondents for most characteristics examined 
(Appendix). Rural respondents were older, less likely to 
be a college graduate, and more likely to be non-Hispanic 
white, live in the South or Midwest region, be a current 
smoker, and be living in a household with income 
below the federal poverty threshold. These differences 
were also observed within each of the birth cohorts.  
Rural-respondents were also more likely to have been 
interviewed for NHIS during the earliest survey years 
included in our analysis (1997-2000).
The cumulative incidence of all-cause mortality was 
slightly higher for rural respondents as compared to 
urban respondents (Figure 1). Overall, 39.9% of rural 
vs. 37.6% of urban respondents were estimated to have 
Figure 1. Weighted Kaplan-Meier curves showing cumulative incidence of all-cause mortality 
by rural-urban residence, with age as the scale.
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Cumulative incidence was calculated using sampling weights.
died by the maximum age at follow-up (85 years of age), 
which was similar to findings among the oldest birth 
cohort (1912-1945: 37.4% vs. 35.3% by age 85). Larger 
relative differences in mortality by maximum age at 
follow-up were observed for the younger birth cohorts: 
(1946-1964: 13.5% vs. 11.3% by age 66; and 1965-1986: 
3.2% vs. 2.3% by age 45).
The risk of all-cause mortality was greater for rural as 
compared with urban respondents (Table 1).  Overall, 
rural respondents had 10% higher risk of all-cause 
mortality compared with their urban counterparts 
(HR=1.10 [95% CI: 1.06, 1.14]). For the oldest birth cohort 
(1912-1945), rural respondents also had 10% higher risk 
of death (HR=1.06, 1.14]); however, for the middle birth 
cohort (1946-1964), rural respondents had 16% higher risk 
of death (HR=1.16 [1.08, 1.26]), and for the youngest birth 
cohort (1965-1986), rural respondents had 42% higher 
risk of death (HR=1.42 [1.23, 1.64]).  After adjustment for 
respondent characteristics that differed by rural-urban 
status and could be associated with risk of mortality, 
all hazard ratio estimates were attenuated.  The only 
hazard ratio that remained statistically significant was 
for the youngest birth cohort (1946-1964), where rural 
respondents had 19% higher risk of death as compared 
to their rural counterparts (HR=1.19 [1.00, 1.42]). Across 
all models, adjustment for educational attainment 
alone attenuated the hazard ratio substantially (relative 
decrease between 4% and 12%), suggesting that this factor 
by itself accounted for much of the original disparity in 
rural-urban mortality risk. Hazard ratios estimated from 
unadjusted models run on the analytic subpopulation 
included in the adjusted models resulted in nearly the 
same hazard ratio estimates (data not shown), indicating 
that restricting the analysis to respondents without 
missing poverty status did not affect our findings.  
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Table 2. Number and cause of deaths for rural respondents as compared to urban respondents, overall and by 
birth cohort, National Health Interview Survey, 1997-2010
Table 1. Hazard ratio estimates for all-cause mortality for rural respondents as compared to urban 
respondents, overall and by birth cohort, National Health Interview Survey, 1997-2010
 
OVERALL BIRTH COHORT 
1912-1944
BIRTH COHORT 
1945-1964
BIRTH COHORT
 1965-1986
 
Rural Urban
P-
VALUE
Rural Urban
P-
VALUE
Rural Urban
P-
VALUE
Rural Urban
P-
VALUE 
Number of deaths 8,925 29,636  7,329 23,583  1,341 5,001  253 1,036  
Cause of Death % % 0.08 % % 0.01 % % 0.92 % % 0.37
   Heart disease 18.7 19.5  19.6 21.2  17.4 15.7 7.8 5.2  
   Cancer       25.0 25.0  24.1 23.7  32.1 31.9 12.7 17.4  
   Chronic lower respiratory diseases 6.7 5.7  7.6 6.5  3.9 3.5  *** 1.1  
   Accidents (unintentional injuries) 4.5 4.0  2.5 2.1  6.3 6.9 34.2 25.5  
   Stroke (cerebrovascular diseases) 5.3 5.6  6.1 6.5  2.9 3.0 1.4 2.0  
   Alzheimer’s disease 2.3 2.4  2.9 3.1  *** 0.1 0.0 ***  
   Diabetes         2.9 3.2  2.9 3.2  3.7 3.6 *** 2.1  
   Influenza and pneumonia 2.3 2.0  2.6 2.2  1.0 1.3 2.1 1.6  
   Kidney disease 2.3 2.1  2.5 2.1  1.5 1.8 1.7 1.5  
   All other causes of death 30.1 30.7  29.4 29.6  31.3 32.2  37.8 43.5  
***Indicates suppressed data cell.
Percentages and standard errors were calculated using sampling weights and survey design variables.
Columns percentages do not always add up to 100.0% due to rounding.
Adjusted models included age at time of interview, sex, race/ethnicity, region, educational attainment, marital status, poverty status,
and smoking status. 
Percentages and standard errors were calculated using sampling weights and survey design variables.
Analytic population Model
 
  Total N
       
 All-cause mortality 
N
   
All-cause mortality
% (SE)
HR (95% CI)
All respondents Unadjusted 366,375 38,561  8.4 (0.07) 1.10 (1.06, 1.14)
Adjusted 295, 997 28,428  7.5 (0.07) 1.02 (0.98, 1.06)
Birth cohort 1912-1945 Unadjusted 99,170 30,912 28.1 (0.19) 1.10 (1.06, 1.14)
Adjusted 72,195 22,155 27.4 (0.22) 1.01 (0.98, 1.05)
Birth cohort 1946-1964 Unadjusted 134,940 6,342  4.1 (0.07) 1.16 (1.08, 1.26)
Adjusted 111,692 5,190  4.0 (0.07)  1.02 (0.94, 1.10)
Birth cohort 1965-1986 Unadjusted 127,470 1,289 0.92 (0.03) 1.42 (1.23, 1.64)
 Adjusted 107,922 1,067 0.89 (0.03) 1.19 (1.00, 1.42)
When we examined the distribution of underlying cause 
of death overall and by birth cohort, we observed several 
differences between rural and urban respondent deaths 
(Table 2).  Among all birth cohorts, the proportion of 
deaths caused by chronic lower respiratory diseases, 
accidents (unintentional injuries), influenza and 
pneumonia, and kidney disease were higher among 
rural respondents as compared with urban respondents; 
however, the general Chi-square test p-value was not 
significant (p=.08).  Similar findings were observed for 
the oldest birth cohort, with cancer deaths also slightly 
greater in the rural respondents (Chi-square p<.01).  We 
did not observe statistically significant differences in the 
distribution of underlying cause of death for the middle 
and youngest birth cohorts by rural-urban status (both 
p >.37).  However, for both cohorts heart disease deaths 
were more prevalent among rural respondent deaths 
(1945-1964 birth cohort: 17.4% vs. 15.7%; 1965-1986 birth 
cohort: 7.8% vs. 5.2%) and accident deaths were more 
common among rural respondent deaths in the youngest 
birth cohort (34.2% vs. 25.5%).
LIMITATIONS
The NHIS is a cross-sectional survey, which limits our 
ability to assess the temporal sequence of events or 
establish the causal effect of rural residence on risk of 
mortality. For example, it is unclear whether rural adults 
have greater risk of mortality than urban adults because 
they have health care needs that are not being met in 
rural communities or whether aspects of rural living 
influence life span, apart from health care needs. Further, 
mediating factors, such as history of chronic illness and 
obesity, may account for the relationship between rural-
urban residence and risk of mortality; we did not include 
these as covariates in our model because we hypothesized 
they would be too proximate to mortality for many 
causes of death. Finally, it is possible that respondent 
characteristics collected at the time of the survey could 
have changed over the follow-up time, and these changes 
would not be reflected in our results (e.g., a person could 
have lived in poverty when surveyed but experienced 
substantial income growth by the time of their death 
or censoring, or vice versa).  Except for residence 
information and death, all other measures included in 
our analysis were self-reported and may have contained 
inaccuracies; further, deaths included in our analysis only 
included deaths occurring within the United States.
NHIS survey respondents have been shown to 
have slightly lower mortality rates than the general 
population, even when using survey weights, which 
take non-response bias into account.23 The NHIS is 
based on a household sampling frame and therefore 
excludes persons who are often characterized by poor 
health, such as those who are incarcerated or otherwise 
institutionalized and the homeless. However, we have no 
reason to believe that these overall lower mortality rates 
are subject to a rural-urban difference.24 
We used pooled respondent data from 1997-2011 
linked to death certificate data through December 31, 
2011, which introduces a further issue in regard to 
generalizability to the U.S. population. Respondents 
interviewed during earlier survey years had greater 
follow-up time compared to respondents interviewed in 
later survey years.  As all respondents were alive at the 
time of interview, this study design artificially deflates 
the risk of mortality (and increases the survival rates) 
because it includes older adults, whose birth cohort may 
have already experienced substantial mortality; this is 
especially an issue for older adults interviewed closer to 
the date of censoring. Therefore, the risks of mortality 
by age 85 shown in our Kaplan Meier curves are not 
generalizable to persons born during 1912-1986, nor 
are they generalizable to persons interviewed during 
any particular NHIS survey year. However, the hazard 
ratios for urban-rural mortality should not be affected by 
using pooled respondent data, particularly because our 
Cox proportional hazard models adjusted for age at the 
time of interview. In addition, given data suppression 
restrictions for using the restricted data file, we were 
unable to calculate standard errors for the survey-
weighted Kaplan-Meier curves displayed in Figure 1, 
or to conduct a log-rank test for differences in survival 
curves.
A final limitation is that the study includes deaths only 
through 2011, the most recent year of death data linked 
to the NHIS at the time we requested the restricted data. 
Given accelerating rates of rural drug poisonings and 
suicides, this means that using more recent years of data 
may yield somewhat different findings and warrants 
future study.
DISCUSSION
Multiple prior studies have documented a shorter life 
expectancy and higher mortality rates overall and from 
specific conditions for rural residents when compared 
when urban residents, a disparity that has grown over 
time.1,4-9 Our overall analyses from 1997-2011 found 
an unadjusted hazard of death that was 10% higher 
for rural residents over this time period. However, 
in a multivariable model controlling for a range of 
sociodemographic and economic factors, we did not 
observe a statistically significant difference in mortality. 
This suggests that over the full time period, across 
all cohorts, the rural mortality gap was attenuated by 
sociodemographic risk factors, such as lower levels of 
educational attainment, family income below the federal 
poverty level, being unmarried, and smoking history. 
These findings are consistent with prior research that 
has shown a higher risk of mortality among non-married 
adults,25 low income groups,26 and persons with low 
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educational attainment.27,28 Smoking has been estimated 
to account for 21% of deaths among men and 17% of 
deaths among women, and may be responsible for as 
much as 60% of the mortality disadvantage of southern 
states compared to states from other regions.29 The overall 
rural mortality disparity may result from the fact that 
sociodemographic and economic risk factors for mortality 
tend to cluster in rural communities.
Notably, we found distinctly different results for the 
birth cohort that roughly represents Generation X.  The 
unadjusted risk of all-cause mortality for this cohort 
was 42% higher among rural versus urban residents 
and, while this diminished in our multivariable model, 
the rural disparity persisted even after controlling 
for sociodemographic risk factors. While this higher 
risk may reflect residual confounding between rural 
and urban populations, it’s also possible that factors 
resulting from rural residence could account for the 
difference.  For example, the percentage of deaths due 
accidents/unintentional injuries were higher among 
this cohort (with follow-up through age 45) compared 
to the older cohorts (with follow-up through age 66 
or 85), and this cause of death was higher for rural as 
compared with urban residents. This may be due to 
a combination of higher rates and different types of 
accidents in rural places as well as differences in health 
care system capacity.  We know, for example, that rural 
residents experience higher rates of hospitalization for 
unintentional injury overall, and for specific types of 
injury such as motor vehicle accidents, falls, firearms, and 
poisoning.30 At the same time, median response times 
for arrival of emergency medical services are twice as 
long as for rural residents as for their urban or suburban 
counterparts.31 Further research is needed to better 
understand what accounts for rural-urban differences in 
mortality risk among this age cohort to determine how 
best to address the rural penalty that we observed in this 
study.
As noted in our limitations section, this study is based 
on deaths that occurred between 1997 and 2011. In 
more recent years, rates and causes of death rural and 
urban have been shifting, which means that a more 
contemporary study will be needed in the future. For 
example, rates of death from unintended injury have 
been increasing in both rural and urban areas, but rural 
rates remain higher and have been increasing at a faster 
rate for some types of injury, such as falls.32 Similarly, 
until 2007, rates of death by drug overdose were higher 
among urban residents; since then, however, rural rates 
of death from overdose exceeded those of urban places 
until 2016,33 though further analysis of trends using 
more detailed rural-urban residence level are required.  
Given some of these changes, the rural-urban differences 
observed for Generation X adults may be shifting and, 
as Millennials mature, their experiences may also be 
different and warrant further exploration.
 Our findings generally suggest that the overall mortality 
penalty in rural areas between 1997 and 2011 may have 
been driven by social determinants of health, a set of 
challenges that can be perceived as especially intractable 
in rural settings. In particular, we found a strong 
attenuation of the results (to the point that differences 
were small and not statistically significant) from adding 
educational attainment alone into our models. This 
implies that access to educational and other community-
based economic development activities may be critical 
for reducing risk of mortality, but further exploration of 
this connection is needed. At the same time, among the 
youngest cohort, the mortality penalty persisted despite 
control of sociodemographic and economic factors, and 
while causes of death were predictably different from the 
older cohorts, causes of death were surprisingly different 
by rural-urban residence. The differences between 
rural and urban deaths due to accidents (unintentional 
injuries) among Generation X may indicate a need for 
improvement in the rural health infrastructure, such as 
access to emergency medical services, trauma care, or 
overdose reversal medications. As these factors were 
outside the scope of this study, further analysis is needed 
to better understand what investments are critical to 
ensuring that life in a rural place does not correspond to 
greater risk of death.
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